ABSTRACT. Systemic oxidative stress is considered to cause aging. In this study, to estimate the oxidative stress level in senescence-accelerated mouse prone 8 (SAMP8), we evaluated serum reactive oxygen species production and reduction capacity by measurement of Diacron-Reactive Oxygen Metabolites (d-ROM) and Biological Antioxidant Potential (BAP), respectively, with age. SAMP8 showed earlier increase of d-ROM value with age than SAM resistant 1 (SAMR1), the control strain. The BAP level was the highest in adult SAMP8, whereas SAMR1 presented the sustained BAP values between ages. These results indicate that oxidative stress in SAMP8 is higher than SAMR1. Our study is the first detailed report about d-ROM and BAP in SAMP8 and will provide useful fundamental data for future aging studies. Oxidative stress is generally attributed to imbalance of oxidation-reduction, that is, reactive oxygen species (ROS) production and antioxidant potential, and is associated with a wide variety of diseases, such as arteriosclerosis, diabetes and cancer [3, 10] . Acceleration of aging is also considered to be caused by systemic oxidative stress [2, 16] . The senescence-accelerated mouse prone 8 (SAMP8) is one of the strains which shows a short life-span or rapid advancement of senescence, having been used as a representative for aging studies due to exhibiting age-related impairment of learning and memory [6, 11, 17] . Earlier studies have demonstrated that SAMP8 presents elevation of oxidative markers [1, 9, 12, 14, 15] . Recently, new approaches for determination of ROS using an indicator termed Diacron-Reactive Oxygen Metabolites (d-ROM) and reduction capacity using Biological Antioxidant Potential (BAP) measurement at the same time with the same samples have been developed and applied for the veterinary medical science [4, 8, 13] . However, d-ROM test and BAP test have not been conducted on SAMP8 in detail. Here, we report the d-ROM and BAP values measured quantitatively with age in SAMP8 and evaluated the oxidative stress level in the animal model of aging.
Oxidative stress is generally attributed to imbalance of oxidation-reduction, that is, reactive oxygen species (ROS) production and antioxidant potential, and is associated with a wide variety of diseases, such as arteriosclerosis, diabetes and cancer [3, 10] . Acceleration of aging is also considered to be caused by systemic oxidative stress [2, 16] . The senescence-accelerated mouse prone 8 (SAMP8) is one of the strains which shows a short life-span or rapid advancement of senescence, having been used as a representative for aging studies due to exhibiting age-related impairment of learning and memory [6, 11, 17] . Earlier studies have demonstrated that SAMP8 presents elevation of oxidative markers [1, 9, 12, 14, 15] . Recently, new approaches for determination of ROS using an indicator termed Diacron-Reactive Oxygen Metabolites (d-ROM) and reduction capacity using Biological Antioxidant Potential (BAP) measurement at the same time with the same samples have been developed and applied for the veterinary medical science [4, 8, 13] . However, d-ROM test and BAP test have not been conducted on SAMP8 in detail. Here, we report the d-ROM and BAP values measured quantitatively with age in SAMP8 and evaluated the oxidative stress level in the animal model of aging.
All animal experiments were performed in accordance with the Institute of Ethical Guidelines under the protocols approved by the Animal Experimental Expert Committee of the University of Tokyo. SAMs were purchased from Japan SLC Inc. (Hamamatsu, Japan). They were housed three to five animals per cage under 12 hr light/dark cycles (lights on at 8:00 am) in a temperature-controlled room (24°C) and given free access to food and water. We first measured the longevity of SAMs to check if SAMP8 has a short life-span in our experimental environment. We excluded animals which died of obvious infection or injury. As shown in Fig.  1 , SAMP8 significantly lived out their natural lives earlier than SAM resistant 1 (SAMR1) which is the control strain of SAMP8. There was no significant difference in the lifespan between male and female ( Table 1 ). These results demonstrate that SAMP8 certainly showed the short lifespan in our experimental environment. Next, we measured the d-ROMs and BAPs from the blood serum of SAMR1 and SAMP8 to check if the oxidative stress increases with age. Male SAMP8 and SAMR1 were used. We collected the whole blood samples from adult (31-37 weeks of age), old (88-94 weeks of age) and aged (115-119 weeks of age) SAMs under deep anesthesia by urethane (1.0 g/kg, Sigmaaldrich, St. Louis, MO, U.S.A.). We could not obtain the whole blood samples from 'aged' SAMP8, because of its short life-span. Blood samples were centrifuged at 3,000 rpm for 15 min at 4°C after leaving them undisturbed at room temperature for 1 hr. We used the supernatant as serum and measured d-ROM and BAP using a free radical analyzer (FREE carpe diem, WISMERLL, Tokyo, Japan) as described previously [20] . Fig. 2A) . However, the d-ROM level of old SAMP8 was significantly higher than not only that of age-matched SAMR1 but also that of adult SAMP8. Furthermore, aged SAMR1 showed higher d-ROM level compared to adult and old SAMR1. To put it simply, the d-ROM level of SAMP8 elevated earlier than SAMR1. SAMP8 presents early attenuation of learning and memory in addition to premature aging [11] . In the previous studies, we have already elucidated that this attenuation of brain function with age is correlated to the hippocampal long-term potentiation (LTP), which is the representative of the synaptic plasticity [7, 18, 19] . The attenuation curve of LTP in SAMP8 shifts earlier than in SAMR1 as with the case of the increase curve of d-ROM which implies hydroperoxide level, indicating that oxidative stress increases with age and it is associated with impairment of LTP and cognitive dysfunction. The BAP level of adult SAMP8 was the highest among all the groups (Fig. 2B) . But, this difference between SAMR1 and SAMP8 disappeared with age due to the decrease of BAP level of SAMP8 and continuous BAP level of SAMR1 for its entire life, indicating that antioxidant capacity decreases with age in SAMP8 but not in SAMR1. Although the values of d-ROM and BAP seem to be inverse relationship in general, that is not necessarily in practice. Our explanation about d-ROM-BAP relationship is as follows; in adult SAMP8, d-ROM level was kept low, because higher BAP level reduced the d-ROM level even if adult SAMP8 had more oxidative stress due to its early senescence. However, as BAP capacity declines in old SAMP8 due to aging, oxidative stress (d-ROM level) in old SAMP8 could not be reduced by BAP, resulting in the higher d-ROM value, whereas old SAMR1 is still in robust health and needs not to increase the BAP level, supported by the fact that d-ROM level is comparable with adult SAMR1. Nevertheless, d-ROM level of aged SAMR1 increases due to aging, despite continuous BAP value. This explanation is likely because chronic stress or overwork lowers the BAP level [20] , suggesting that BAP level is easily affected by body conditions. As SAMP8 shows early senescence compared to SAMR1, BAP capacity may not function thoroughly, resulting in increase of the d-ROM value. However, detailed mechanism of d-ROM and BAP relationship should be investigated in the future. Fig. 1 . The longevity of SAMR1 and SAMP8. SAMP8 had a significant short life-span compared with SAMR1. There were no significant differences of longevity between male and female in either SAMR1 or SAMP8. [20] . Note that no data could be obtained from aged SAMP8 due to its short life-span. All values are represented as mean ± SE. Statistical analysis was carried out using one-way ANOVA followed by Tukey's post hoc test, and the significant level for the statistical tests was set at 0.01 (**) or 0.05 (*:among ages, #:between strains).
In summary, we confirmed the longevity of SAMP8 in our experimental condition and measured serum d-ROM and BAP with age to estimate the oxidative stress level in SAMP8. Although the d-ROM level increased with age in both SAMR1 and SAMP8, the increase curve was earlier in SAMP8 than in SAMR1. In contrast, BAP level was the highest in adult SAMP8, whereas SAMR1 presented the sustained BAP values for its entire life. Our study is the first report that reveals age-dependent detailed changes of d-ROM and BAP in SAMP8 and will contribute to future aging studies as useful and fundamental information.
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